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(S) Apparatus and method for automatic inspection of printed circuit boards. 
© Printed circuit board testing apparatus comprising a test- 
ing location (10) for a printed circuit board (12) to be tested, 
high speed scanning apparatus (18) for providing a scanned 
energy input to conductive locations on the printed circuit 
board :12) and electron collecting apparatus for sensing the 
chare: cd state of scanned conductive locations scanned by the 
scanning apparatus (18). 
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APPARATUS AND METHOD FOR AUTOMATIC INSPECTION OF PRINTED 
CIRCUIT BOARDS 

The present invention relates to a printed circuit 
board inspection apparatus and more particularly to appara- 
tus for inspection of printed circuit bearing circuit boards. 

Various types of apparatus are known for electronic 
circuit inspection at different stages in the production 
thereof, A particularly successful printed circuit board 
inspection device is described and claimed in applicant's 
earlier Israel patent application 6 6599. This device is 
suitable for providing optical inspection of a single layer 
bare circuit board, i.e. without components mounted thereon. 

Present manufacturing technologies permit multilayer 
printed circuit boards to be produced. These boards are not 
susceptible of testing by the above-described optical appa- 
ratus. Conventionally, testing of this type of boards is 
done electrically by determining electrical continuity bet- 
ween various sets of points on the circuit board. Such elec- 
trical continuity testing is carried out by. using a multi 

•cermeti 

probe electrical : contact unit, commonly /a "bed of nails". 
This conventional contact unit has a multiplicity of spring 
loaded pins arranged in a closely spaced grid pattern for 
contact with a corresponding multiplicity of locations on 
the circuit board being tested. 

The use of the "bed of nails" as the circuit board in- 
terface device fer circuit board testing apparatus has a 
number of disadvantages: 

1. It is limited as to density and not suitable for a 
density of over about 200 pin/sq. in. It is not suitable 
for off-grid circuit layouts. Such off -grid layouts are 
becoming increasingly popular as it is desired to increase 
the density of the circuitry on the board, and to overcome 
topological problems net solved by computerized PCB design. 

2. The cost of "bed of nails" type testing equipment is 
extremely high since each spring loaded pin is coupled by 
a separate conductor to a separate operating switch. Thus 
conventional testing equipment of this type may include 
thousands of switches and many kilometers of conductor. 
This machinery is thus extremely large and complex. 
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The present invention seeks to overcome the signifi- 
cant disadvantages of the prior art printed circuit testing 
apparatus exemplified by the "bed of nails" type contact 
unit. 

There is thus provided in accordance with an embodi- 
ment of the present invention , printed circuit board tes- 
ting apparatus comprising a testing location for a printed 
circuit board to be tested, high speed scanning apparatus 
for providing a scanned energy input to conductive loca- 
tions on the printed circuit board, and electron collecting 
apparatus for sensing the charged state of scanned conduc- 
tive locations scanned by the scanning apparatus - 

Further in accordance with an embodiment of the present 
invention, there is provided correlating apparatus for cor- 
relating information relating to the charged state of the 
scanned conductive locations for providing an output indi- 
cation of conduction between sets of scanned locations on 
the circuit board - 

Additionally in accordance with an embodiment of the 
present invention, in addition to the correlating apparatus 
there is also provided comparison apparatus for comparing 
the output indication of conduction with a predetermined 
reference indication corresponding to a master circuit 
board - 

Further in accordance with an embodiment of the present 
invention, there is also provided apparatus for providing 
at least one predetermined electrical input to the printed 
circuit board being tested - 

Additionally in accordance with a preferred embodiment 
of the invention, the electrical input providing apparatus 
may provide at least one time varying electrical input to 
the printed circuit board and the correlation apparatus may 
provide a plurality of output indications each corresponding 
to a different state of the electrical input supplied to 
the printed circuit board- The scanning apparatus may com- 
prise optical scanning apparatus, such as UV scanning appa- 
ratus. According to an alternative embodiment of the inven- 
tion, the scanning apparatus may comprise electron scanning 
apparatus. 
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The present invention will be understood and apprecia- 
ted more fully from the following detailed description taken 
in conjunction with the drawings in which: 

Fig. 1 is a block diagram illustration of printed cir- 
cuit board inspection and testing apparatus constructed and 
operative in accordance with a preferred embodiment of the 
invention; 

Fig. 2 is a partially schematic, partially block dia- 
gram illustration of one embodiment of the apparatus of 
Fig* 1 employing optical scanning; 

Fig. 3 is a sectional side view illustration of an 
inspection chamber useful in connection with the embodi- 
ment of Fig.. 2; 

Fig. 4 is a partially schematic , partially block dia- 
gram illustration of another embodiment of the apparatus 
cf Fig. 1 employing electron beam scanning; 

Fig. 5 is a sectional side view illustration of an 
inspection chamber useful in connection with the embodi- 
ment of Fig. 4 ; 

Fig. 6 is a pictorial illustration of a printed cir- 
cuit board located inside an inspection chamber of the 
type illustrated in Fig. 3; 

Fig. 7 is a block diagram illustration of a portion 
of the circuitry of Fig. 2; and 

Fig. 8 is a block diagram illustration of a portion 
of the circuitry of Fig. 2. 

Reference is now made to Fig. 1 which illustrates the 
apparatus of the invention in a general format and indicates 
that it includes an inspection chamber or location 10 at 
which a printed circuit board 12 is located during testing 
thereof. The inspection chamber 10, which is normally main- 
tained at a subatmo spheric pressure, is provided with an 
electrical connection cable 14 for coupling the electrical 
circuits on the circuit board to an external electrical 
signal or potential source 16. Associated with inspection 
chamber 10 is scanning apparatus 18, which may be any sui- 
table type of electrical or optical scanning apparatus, as 
will be described hereinbelow in greater detail. 
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Apparatus 20 for sensing the electrical potential of - 
locations on the printed circuit board being tested is 
associated with the inspection chamber 10 and with the 
scanning apparatus 18 and provides an output signal indica- 
ting the charged state of locations on the printed circuit 
board to correlation circuitry 22 which is operative to 
provide an output indication of conduction between sets of 
scanned locations on the printed circuit board being tested* 
Correlation circuitry 22 may also receive input signals 
from the scanning apparatus 18 or from other control or 
sensing circuitry for correlation purposes. 

The output of correlation circuitry 22 may be supplied 
to further signal processing circuitry, such as a compara- 
tor 24 , which may compare the output indication of conduc- 
tion with a reference standard supplied by a reference 
source 26 indicative of the characteristics of a master 
circuit board. The output of comparator 24 may be supplied 
to utilization circuitry 28 r such as a display, or a defect 
m corker . 

Reference is now made to Fig. 2 r which is a partially 
schematic, partially block diagram illustration of printed 
circuit board testing and inspection apparatus constructed 
and operative in accordance with a preferred embodiment of 
the present invention and employing optical scanning. The 
apparatus of Fig. 2 comprises an inspection chamber 50 
which will be described in detail hereinbelow in connection 
with Fig. 3, an optical scanning sub-system, indicated gene- 
rally at reference numeral 52 and a signal processing sub- 
system, indicated generally at reference numeral 54. Common 
to all of the foregoing elements is a computer 56 which 
coordinates system operation and is associated with a con- 
ventional terminal 58, printer 60 and memory unit 62, 
such as a disk drive. 

The optical scanning sub-system 52 comprises a scan- 
ning controller 63, which is conected to a data bus commu- 
nicating with computer 56. Scanning controller 63 provides 
a raster scan synchronization signal output, as well as ti- 
ming outputs including an output to a UV Source Power Sup- 
ply 64, which powers a UV radiation source 66. It is noted 
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that other wavelength radiation including radiation in the 
visible spectrum may be used for scanning additionally or 
alternatively. The radiation output of the UV radiation 
source 66 is combined with the output of a HeNe laser 68 
by a combining mirror 7 0 which may be of conventional con- 
struction and this combined output is supplied to a scan- 
ning assembly, typically indicated by reference numeral 72. 

The HeNe laser output provides a visible marker indi- 
cating the location of the scanning radiation beam- The 
scanning assembly may be any suitable scanning assembly 
and preferably operates at a video raster scan rate. One 
example of such a scanning assembly is described in Israel 
patent 3 93 9 0 , entitled Optical Scan Generator, published 
February 10, 1975. 

In the illustrated embodiment, the scanning assembly 
comprises a motor driven polygonal mirror 74 which receives 
the incoming radiation as it rotates about a central axis, 
producing a line scan and a separately motor driven nod- 
ding mirror 7 6 which receives the radiation beam reflected 
from the polygonal mirror and reflects it onto a planar 
surface 78 of the inspection chamber 50, thus producing 
a scan perpendicular to the line scan. A coherent raster 
scan pattern on the planer surface 78 is realized by coor- 
dination of the scanning motion of mirrors 74 and 76 which 
is achieved by the provision of suitable synchronization 
and control signals by the scanning controller 63 *to poly- 
gon mirror control circuit 80 and nodding mirror control 
circuit 3 2 which control the operation of respective mir- 
rors 74 and 76. 

Reference is now made t& Fig. 7, which illustrates the 
construction of scanning controller circuitry 63 and control 
circuits 8 0 and 8 2 in greater detail. Scanning controller 
circuitry 63 typically comprises an Intel 8255 chip inclu- 
ding input and output ports which is coupled to timing cir- 
cuitry such as an Intel 8 253 chip and to synchronization 
logic circuitry such as chips of the Texas Instruments 
74LSXX series. The timing circuitry typically includes ti- 
mer output ports A and B, which are supplied respectively 
to control circuitry 80 and 82. The synchronization logic 
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circuitry provides horizontal and vertical synchronization 
outputs to monitor 124 and to interface circuitry 128 
(Fig. 2) . 

Polygon mirror control circuitry 80 typically comprises 
power transistors such as 2N 3055 which govern the power 
supply to a polygon motor and encoder 85 and an operational 
amplifier which receives encoder pulses from motor and en- 
coder 85 and supplies them to the synchronization logic 
circuitry- 

Mirror actuator power circuitry 8-2 typically comprises 
power transistors such as 2N 3055 which govern the power 
supply to a nodding mirror actuator 85, which may be of the 

moving coil type. 

The structure and operation of the inspection chamber 
50 will now be described with reference to Figs. 3 and 6. 
As' illustrated, the inspection chamber comprises a hermeti- 
cally sealable housing 90 typically formed of plastic or glass 
and having a radiation receiving cober 92 formed of a ma- 
terial which is substantially transparent to UV radiation 
and to HeNe radiation. The interior of housing 90 is pre- 
ferably coupled via a suitable conduit 94 to a sub-atmos- 
pheric pressure producing device, such as a vacuum pump 96 
(Fig. 2) , which may be of the rotary type. Normally, the 
interior of housing 90 is maintained at a sub-atmospheric 
pressure of about several microns of mercury. 

In the illustrated embodiment of the present invention, 
cover 92 is removable and removably sealed to the remainder 
of housing 90 by means of a peripheral gasket 98 so as co 
permit insertion and removal of printed circuit boards to 
be tested. According to an alternative embodiment of the 
invention, the cover surface 92 may be fixedly sealed and 
ingress and egress means may be provided at the sides of 
the housing and automatic printed circuit feeding and posi- 
tioning means may be provided as well. 

Disposed on the inner surface of cover 92 is a coating 
100, typically of thickness equal to one quarter of the 
wavelength of the incoming radiation, i.e. about 0.00025mm 
and comprising a generally UV transparent conductor, such 
as Tin Oxide. Located along the inner bottom surface 102 of 
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the housing 90 there is provided a metal plate 104 above 
which is disposed a layer 106 of an insulative material, 
such as Mylar R. A printed circuit board to be tested 108 
is disposed above the insulative layer 106, supported there- 
on. 

A suitable connector 109 may connect one or more of 
the circuits on the printed circuit board 108 to an elec- 
trical potential or signal source 16 (Fig. 1) . 

As seen in Fig. 2 f the metal plate 104 is connected to 
a negative potential source of a power supply 110 , while the 
transparent conductor 102 is connected via a resistor 112 
typically of a few Megaohms to a positive potential source 
of power supply 110. 

The operation of the inspection chamber 50 will now be 
described briefly. As the beam of UV radiation scans sur- 
face 78, it passes through conductive layer 100 and impinges 
on locations on the printed circuit board 108. When it 
impinges on a conductive location on the printed circuit 
board it produces a release of electrons from the conductor 
due to the photoelectric effect. These freeed electrons 
move towards the positively charged conducted 100 due to 
the electrostatic field established by the oppositely 
charged conductor 100 and metal plate 104 in the inspection 
chamber 50. Receipt of these electrons at conductor 100 
changes the potential thereof temporarily and thus provides 
an electrical signal. 

At the same time, the release of electrons from a 
conductor makes the conductor positively charged for a 
predetermined time until charge equilibrium is re-esta- 
blished. This predetermined time is of the order of 20 ms . 
If a different location on the conductor is impinged upon 
by UV radiation within the aforesaid predetermined time, 
while the conductor is still positively charged from the 
scanning of a predetermined location thereof, the conduc- 
tor will release significantly less electrons. 

It may be appreciated that by suitable thresholding, to 
distinguish conductors which have been scanned within a 
predetermined time frome those which have not, an output 
signal from the conductor 100 may be used to provide an out- 
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put indication which contains mapping information as to 
the interconnection of conductors. This information, which 
coupled the synchronization information provided by the 
scanning controller 63 can be used to provide a visually 
sensible conductor map, even for a multilayer circuit 
board. Such a map indicates defects in a printed circuit 
board. 

Further in accordance with a preferred embodiment of 
the nresent invention, the inspection chamber and the appa- 
ratus of Figs. 1 and 2 can be used for operational testing 
of loaded printed circuit boards. In this technique, test 
signals are supplied to the electrical circuits on the 
printed circuit boards by an electrical potential or signal 
source 16 (Fig. 1) such as a test signal generator 120, 
which preferably comprises an interface coupled to compu- 
ter 56 by means of the data bus. The test signals may 
vary over time and the scanning of the circuit board is 
timed so as to provide conductor potential maps correspon- 
ding to a plurality of signal state combinations on the 
electrical circuits on the board. Suitable analysis of the 
conductor potential maps produced as described hereinabove, 
which analysis can be carried out automatically by conven- 
tional techniques, provides an operational test output in- 
dication of the loaded board- 

Returning now to Fig. 2, it is seen that the output 
mapping signal, which is preferably a video signal, provi- 
ded by a video rate raster scan, is tapped from the positive 
power supply connection from conductor 100 to th|.power sup- 
ply 110 /This output signal is supplied to analog/proces- 

sing circuitry 122- 

An output signal from the analog signal processing 
circuitry is supplied to a TV monitor 124 which also re- 
ceives synchronization signals from scanning controller 63. 
Another output of the analog signal processing circuitry is 
supplied to threshold circuitry 126 which may include A/D 
circuitry. The output of circuitry 126 is supplied to in 
terface circuitry 128 which also received the synchroniza- 
tion signals form scanning controller 63 and communicates 
via the data bus with computer 56. 
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Reference is now made to Fig. 8 which illustrates a 
preferred embodiment of circuitry elements 122,126 and 128. 
Signal processing circuitry 122 typically comprises a plu- 
rality of amplifiers such as National Semiconductors LH 
0032 and LH 003 3 arranged generally as illustrated. Thre- 
shold circuitry 126 comprises a comparator such as a Natio- 
nal Semiconductor LH 3 61, which receives at its positive 
input the output from one of the amplifiers of circuitry 122 
and receives at its negative input a threshold voltage and 
provides an output to circuitry 128. Circuitry 128 typically 
ccsnprises packaging logic circuitry such as chips belonging 
to the Texas Instruments 7 4LSXX series, which receive the 
horizontal and vertical synchronization signals from circui- 
try 63 and output to interface circuitry such as an Intel 
8255 chip including input output ports. 

Reference is now made to Fig. 4 which illustrates an 
alternative embodiment of printed circuit board inspection 
and testing system constructed and operative in accordance 
with an embodiment of the present invention and employing 
electron beam scanning instead of optical scanning as in 
the embodiment of Fig. 2. 

As in the embodiment of Fig. 2, the system employs a 
computer 56 , with associated terminal 58 r printed 6 0 and 
memory unit such as a disk drive 62, which communicate along 
a data bus. In this embodiment, the scanning sub-system 
comprises a CRT tube 150, such as a conventional raster scan 
television tube from which the phosphor screen has been re- 
moved and replaced with an inspection chamber 151, which 
will be described in connection with Fig. 5. 

Power supply and focus and brightness controls , of 
conventional design and construction, collectively refe- 
renced by reference numeral 14 9, provide control signals 
to the modified CRT tube in a conventional manner. These 
controls provide an output signal to conventional deflec- 
tion circuits 148, which provide operating signals to the 
yoke 147 of the modified CRT tube and also provide raster 
scan synchronization signals to other elements in the appa- 
ratus in a manner similar to that illustrated in Fig. 2. 

Reference is now made to Fig. 5 which illustrates the 



01 281 07 

- 10 - 

inspection chamber 151 which forms part of the modified 
CRT tube. The inspection chamber comprises a housing 152 
which is sealed to the CRT tube 150. It is seen that the 
inspection chamber 151 communicates with the interior of the 
CRT tube and is maintained at the same sub-atmospheric pres- 
sure, typically the same as in the embodiment of Fig. 3 and 
as in the interior of the CRT tube. The inspection chamber 
comprises a collecting mesh 154 which is coupled across a 
resistor 156 to a positive potential source at a power sup- 
ply 153- At the bottom surface of the housing 152 there is 
provided a metal plate 158 which is coupled to a negative 
potential source. Above the metal plate 158 there is provi- 
ded a layer of insulatLve material 160 typically Mylar R. 
The printed circuit board to be tested 162 is supported on 
the layer of insulative material 160. 

The operation of the inspection ehamber 151 will now 
be described briefly. When the electron beam provided by 
the modified CRT tube impinges on a conductor on the printed 
circuit board to be tested, a release of electrons is pro- 
duced. These electrons are drawn to the collecting mesh due 
to the electrostatic field in the inspection chamber. As 
described hereinabove in connection with the apparatus ef 
Figs. 2 and 3, the electron release is a function of the 
charged state of the conductor, and thus of the configura- 
tion and connections of the conductor locations. As in the 
case jf the apparatus of Figs. 2 and 3, here the signal de- 
rived from the connection of the positively connected elec- 
tron receiver, here a collecting mesh, provides an output 
indication which can be used together with suitable synchro- 
nization inputs to provide a conductor mapping output. The 
downstream signal processing and display the apparatus in 
the embodiment of Fig. 4 is essentially the same as that in 
the embodiment of Fig. 2 to the level of detail illustrated 
herein and is therefore indicated by identical reference nu- 
merals. 

It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove. Rather, the 
scope of the invention is defined only by the claims which 
follows 
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CLAIMS 

1. Printed circuit board testing apparatus comprising: 
a testing location for a printed circuit board to be 

tested; 

high speed scanning apparatus for providing a scanned 
energy input to conductive locations on the printed circuit 
board f and 

electron collecting apparatus for sensing the elec- 
trical potential of scanned conductive locations scanned by 
the scanning apparatus. 

2. Printed circuit board testing apparatus according to 
claim 1 and also comprising correlating apparatus for corre- 
lating information relating to the electrical potential of 
the scanned conductive locations for providing an output 
indication of conduction between sets of scanned locations 
on the circuit board. 

3. Printed circuit board testing apparatus according to 
claim 2 and also comprising comparison apparatus for compa- 
ring the output indication of conduction with a predeter- 
mined reference indication corresponding to a master cir- 
cuit board. 

4 . Printed circuit board testing apparatus according to 
any of the preceding claims and also comprising means for 
providing at least one predetermined electrical input to 
the printed circuit board being tested. 

5. Printed circuit board testing apparatus according to 
claim 4 and wherein said electrical input providing means 
provides at least one time varying electrical input to the 
printed circuit board and said correlating apparatus pro- 
vides a plurality of output indications each corresponding 
to a different state of the electrical input supplied to 
the printed circuit board. 

6. Printed circuit board testing apparatus according to 
any of the preceding claims and wherein said scanning appa- 
ratus comprises optical scanning means. 

7 . Printed circuit board testing apparatus according to 
claim 6 and wherein said optical scanning means comprises 
UV scanning means . 

8. Printed circuit board testing apparatus according to 
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any of the preceding claims 1 to 5 and wherein said scanning 
apparatus comprises electron scanning means. 

9. Printed circuit board testing apparatus according to 
5 any of the preceding claims and wherein said testing loca- 
tion comprises a sub-atmospheric pressure enclosure. 

10. Apparatus substantially as shown and described here- 
inabove - 

11. Apparatus substantially as illustrated in any of the 
1 0 drawings . 
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